z Combustion in a narrow tube is suppressed due to large heat loss to the surroundings.
z The quenching diameter of methane-air flame is about 3mm in the normal condition.
Quenching problem
Background 10% efficiency engine
LithiumͲion battery
The energy density of the hydrocarbon is much higher than those of the conventional batteries.
Specific energy (Wh/kg)
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Concept of our microcombustor Catalyst assisted gas-phase reaction A part of mixture occur surface reaction that sustain gas-phase reaction of the rest mixture. z Maximum allowed temperature of the above TE modules was 500K, therefore, the size of the TE module was selected so that the maximum temperature does not exceed 500K. Compressed fuel, such as butane, can be supplied easily, but supply of air to the combustor is hard when the dimension is small. Large pressure drop due to catalyst layer and high temperature are expected. Control of air flow rate is difficult by entrainment method.
Issues to set up self-standing cogeneration system Forced air supply is preferable.
Micro-blower driven by the generated electricity 
Butane-air
Excess heat input causes erosion of the mesh structure. MC with large diameter allows larger fuel input.
ID=0.8mm AE 7W ID=1.5mm AE 15W ID=2.0mm AE 20W Large diameter also decreases pressure drop AE low power consumption
Conflict!!
Large diameter results in low combustion efficiency.
Exhaust gas temperature for different ID SEM image of catalyst layer
ID of 1.5mm is choosen. 
Optimizing the input heat
The consumption power at the blower is estimated by multiplying the result in cold condition by 1/3. Assuming the conversion efficiency at 3.3%, the net output is calculated by subtracting consumption power at the blower from the estimated electricity at TE modules.
Input heat of 13.2W is optimal. 
Prediction
Design point of the self-standing system
The input heat was selected 13W to avoid excess power consumption at the micro-blower. The diameter was selected 1.5mm for its relatively low pressure drop and durability for higher input heat. The number of TE modules was 6 to avoid the temperature over 500K. The output from TE modules were estimated as 430mW. (Ș=3.3%) The estimated driving voltage was from 14V to 17V. 
Schematic of the self-standing generation system
The fuel, methane, is supplied by the mass flow controller. The air is supplied by the micro-blower.
A part of electricity from the TE modules is supplied to DC-DC converter to pull up the voltage to 14-17V. The rest electricity is consumed at the variable resistor and the net output is measured.
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Determination of driving voltage of micro-blower
The gloss output from TE modules are measured at the variable resistor of matching resistance (30ȍ).
The micro-blower with DC-DC converter is driven by the separated power source of 4.0V, and the driving voltage for the blower is varied.
Power supply (4.0V)
Driving voltage of 16V is optimal.
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Input fuel enthalpy 13.2W Inner/outer diameters 1.5/2.5mm Methane/air flow rate 23.8/226sccm
Size and number of TE modules (17 pairs) 4mm x 4mm 6 (in series) Matching load resistance 130ȍ Output voltage 4.0V Gross electricity from TE modules 403mW
Efficiency of TE modules 3.35%
Consumed power at micro-blower 247mW
Consumed power at DC-DC converter 33mW
Net output electricity 123mW Final thermal efficiency 0.93%
Matching resistance is 130ȍ, the driving voltage of the blower is 16V. Input fuel enthalpy is 13.2W. The fuel and air flow rates are 23.8sccm and 226sccm, respectively. The equivalence ratio is 1.0.
Matching resistance of 130ȍ
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Performance at the design point
Matching resistance is 130ȍ. The cold sides are cooled by ice.
The output voltage is 4.56V 160mW, Ș=1.21% Running more than 1 hour
Comparison with conventional model engine
The thermal efficiency of the world smallest internal combustion engine is estimated about 1.5%. The developed self-standing cogeneration system has efficiency of the same order although the thermal input is 1/20.
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We developed a small self-standing generation system in which the air supply system was driven by a part of the generated electricity. The thermal input was 13.2W and the final output was 123mW; thus the final thermal efficiency was 0.93%. The magnitude of the efficiency was close to the world smallest conventional reciprocal engine Tee Dee 01 although the power size was less than its 1/20.
Future work
To manufacture a portable power source including fuel supplying device.
